Context. Magnetic clouds (MCs), as large-scale interplanetary magnetic flux ropes, are usually still connected to the sun at both ends near 1 AU. Many researchers believe that all non-MC interplanetary coronal mass ejections (ICMEs) also have magnetic flux rope structures, which are inconspicuous because the observing spacecraft crosses the flanks of the rope structures. If so, the field lines of non-MC ICMEs should also be usually connected to the Sun on both ends. Aims. Then we want to know whether the field lines of most non-MC ICMEs are still connected to the sun at both ends or not. Methods. This study examined the counterstreaming suprathermal electron (CSE) signatures of 266 ICMEs observed by the Advanced Composition Explorer (ACE) spacecraft from 1998 to 2008 and compared the CSE signatures of MCs and non-MC ICMEs.
Introduction
Coronal mass ejections (CMEs) are intense solar explosive eruptions during which large amounts of plasma and magnetic fields from the solar atmosphere are ejected to the interplanetary space.
The interplanetary manifestations of CMEs (ICMEs; Kilpua et al. 2017 ) can be measured by a Send offprint requests to: Hengqiang Feng spacecraft at about 1 AU and exhibit the following characteristics: increase in total magnetic magnitude (Cane & Richardson, 2003) , helium abundance (Hirshberg et al. 1972; Zwickl et al. 1983; Richardson & Cane 2004.) , average iron ionization (Lepri et al. 2001; Lepri & Zurbuchen 2004) , and O 7+ abundance (Richardson & Cane 2004 , Wang & Feng 2016 ; decrease in proton temperatures and proton densities Zhang et al. 2013) ; counterstreaming suprathermal electron (CSE) strahls and declining speed (Zwickl et al. 1983; Gosling et al. 1987; Shodhan et al. 2000; Burlaga et al. 2001) . A subset of ICMEs was defined as magnetic cloud (MC) by Burlaga et al. (1981) empirically using the following properties: (1) the magnetic field strength is higher than average, (2) a smooth change in field direction as observed by a spacecraft passing through the cloud, and (3) low proton temperature compared to the ambient proton temperature. MCs usually have magnetic flux rope structures, and they are the main source of major geomagnetic storms (Burlaga et al. 1981; Webb et al. 2000; Huttunen et al., 2002; Zhang et al., 2007) . Observations at 1 AU show that 30%-40% of ICMEs are MCs, and this percentage depends on the solar cycle (Richardson & Cane, 2004) . However, CMEs are usually assumed to have magnetic flux rope structures near the sun because of their helical shapes (Canfield et al. 1999; Liu et al. 2010; Rust & Kumar 1996) . Thus, do non-MC ICMEs also have flux rope structures? The journal of Solar Physics once made a special issue to address this question (Gopalswamy et al. 2013a) . A comparative study of 23 MCs and 31 non-MC ICMEs was completed, and the source regions of the 54 ICMEs were located within ±15 o longitude from the disk center. Yashiro et al. (2013) found that the structures of the post-eruption arcades of MCs and non-MC ICMEs during launch have no significant difference. Gopalswamy et al. (2013b) observed that MCs and non-MC ICMEs have significant enhancement in Fe and O charge states, and Fe and O charge-state measurements are positively correlated with flare properties, including flare size and soft X-ray flare intensity. Their observations suggest that these CMEs have similar explosive environment and flux rope structures near the sun. Furthermore, some studies indicate that CMEs associated with MCs tend to propagate along the sun-Earth line, whereas non-MC events are deflected away from the sun-Earth line (Kim et al. 2013; Mäkelä et al. 2013; Zhang et al. 2013) . Therefore, many researchers believe that all ICMEs have magnetic flux rope structures and that the non-MC events are due to observational limitations, that is, observing spacecraft crosses the flanks of the ropes and thus the ICMEs appears as non-MCs. This has been shown by some multi-satellite observed ICMEs, namely spacecraft farther from the axis detects less clear flux rope signatures than centrally crossing spacecraft for the same event (Cane et al., 1997; Kilpua et al., 2011) .
Moreover, some researchers believe that some ICMEs may have lost their flux rope structure due to interactions in interplanetary space (e.g., Gopalswamy et al., 2001; Liu et al., 2014; Manchester et al., 2017) . In particular, sometimes multiple ICMEs can merge to form a complex ejecta/ICMEs where their individual characteristics are not identifiable anymore (Burlaga et al. 2002) . According to Rodkin et al. (2018) , about 48% of observed ICMEs are associated with two or more sources; in some cases, complex ICMEs can be associated with multiple CMEs from the same active region (Burlaga et al. 2002) . The interaction processes include compression and magnetic reconnection; however, the compression process does not change the overall topology of rope structures (Riley & Crooker, 2004 , Zhang et al. 2013 . Therefore, the rope structures of CMEs are destroyed mainly through magnetic reconnection processes. A CME that was associated with complex (non-MC) ejecta may inherently had complex magnetic field structure at the Sun, as shown in the simulation results of Lynch et al. (2008) . Richardson & Cane (2004) favored the view that the reconnection of multiple loop systems may result in CMEs with several complicated magnetic field structures as solar activity increases. This explanation is appropriate for the observation that a fraction of MCs vary with the phase of the solar cycle, that is, about 15% at solar maximum but almost 100% at solar minimum. However, CME source regions cluster to low latitudes at solar minimum and high latitudes at solar maximum (Hundhausen et al. 1984) , thus affecting whether CMEs are expected to be crossed more centrally or at flanks. Recently, Awasthi et al. (2018) reported a non-MC ICME that supports this view. Its pre-eruptive structure consists of multiple-braided flux ropes with different degrees of coherency, and the individual flux-rope branches manifest reconnection with each other. Awasthi et al. (2018) excluded that the complex ICME can result from the merging of successive CMEs and the spacecraft they used only made a glancing encounter with Earth-directed CME. Awasthi et al. (2018) considered that a non-MC event inherently disrupts magnetic fields.
Suprathermal electron strahls in the solar wind come from the Sun and are focused along magnetic field lines (Feldman et al. 1975; Rosenbauer et al. 1977; Pagel et al. 2005) . Therefore, observations of CSE strahls within MCs can indicate that the flux rope structures are still connected with the suns magnetic field lines on both ends (Gosling et al. 1995; Larson et al. 1997; Shodhan et al. 2000; Feng et al. , 2019 . Therefore, observations of CSE strahls within MCs can indicate that the flux rope structures are still connected with the suns magnetic field lines on both ends (Gosling et al. 1995; Larson et al. 1997; Shodhan et al. 2000; Feng et al. , 2019 . CSEs can also be produced by other mechanisms, e.g., connection to the Earths bowshock (Feldman et al., 1982; Stansberry et al., 1988) , interplanetary shocks or CIRs (Gosling et al., 1993; Steinberg et al., 2005; Lavraud et al., 2010) and distribution function depletions near the 90 o pitch angle (Gosling et al., , 2002 Skoug et al., 2006) . Among these mechanisms, the depletion CSEs are often observed on closed or open field lines within ICMEs, but the depletion CSEs are centered on and roughly symmetric about 90 o pitch angle (Gosling et al. 2002) , and can be distinguished from CSE strahls. Shodhan et al. (2000) examined the CSE strahl signatures of 52 MCs detected by using a spacecraft near 1 AU and determined that approximately 87.5% of MCs exhibit CSE signatures, revealing that most MCs are still attached to the sun on both ends at 1 AU. Gosling et al. (1990 Gosling et al. ( , 1995 have proposed explanations for how flux ropes arise in terms of 3-dimensional reconnection close to the Sun. They illustrate the original flux rope reconnect to form a helical field line connected to the Sun at both ends. The closed field lines of flux ropes can gradually open and occasionally disconnect from the corona when closed flux ropes expand from the Sun into the interplanetary space (Gosling et al. 1995) . The proposal of Gosling et al. (1995) was confirmed by statistical results of Shodhan et al. (2000) , namely most MCs exhibit CSE strahls in parts of their durations, only 6 of the 52 MCs have no CSE. Then we want to know whether non-MC ICMEs have the same CSE strahl signatures. In this study, CSE signatures from Advanced Composition Explorer (ACE) during 1998-2008 are compared between ICMEs with and without MCs, and aim to discuss whether the CSE signatures are related to the flux-rope structures.
Data
In this study, the 272 eV suprathermal electron pitch-angle distributions (PADs) measured by ACE are used. The electron PADs are obtained from the Solar Wind Electron Proton Alpha Monitor (SWEPAM) with angular resolution and time resolution at 9 degrees and 64 second (McComas et al., 1998) . This study examined 16-s average magnetic field, 64-s average plasma, 1-h aver- (Lepri & Zurbuchen 2004; Reinard, 2005) , so they are independently reliable ICME indicators /O 6+ ratio, we will examine the following 5 characteristics: declining speed (apparent expansion), increase in total magnetic magnitude, helium abundance (He/P>0.06) (Richardson & Cane 2004) , decrease in proton temperatures and proton densities. If the candidate ICMEs have 3 or more above characteristics, they are identified as ICMEs. Given that magnetic flux ropes are special field topologies characterized by bundles of helical magnetic-field lines collectively spiraling around a common axis, the essential observational properties of magnetic flux ropes should enhance magnetic field strength and field smooth rotations (Feng et al. 2008; Feng et al. 2010) , namely, measured enhanced magnetic field strength, the center-enhanced magnetic components and bipolar curve magnetic components. Therefore, if an ICME have the enhanced magnetic field strength, both center-enhanced and bipolar field components, it was identified as a MC. Among the 272 ICMEs, 101 (37.1%) events are identified as MCs. All 272 ICMEs are listed in Table 1 , the second and third columns show the start and end times, the fourth column gives the duration of the ICMEs, and the fifth column provides the types of ICMEs (MC or non-MC).
Observations and Results
This study analyzed the 272 eV suprathermal electron PADs to determine the CSE signatures within ICMEs. The CSE events were confirmed through their suprathermal electron PADs that show significantly higher phase space densities near 0 o and 180 o pitch angle directions than in the 90 o pitch angle direction (Lavraud et al. 2010 ). If the ratios of phase space densities near 0 o and 180 o to the phase space densities at 90 o in an interval are greater than 3, we will take the interval as possible CSE interval. Then we the remove depletion CSEs on open field lines by eyes using their symmetries. Last, the phase space densities at 90 o can obviously strengthen by scattering of strahl electrons. For some intervals within ICMEs, the ratios of phase space densities near 0 o and 180 o to the phase space densities at 90 o are less than 3, but the CSE strahls still can be recognized by eyes, we will also take these intervals as CSE strahls. CSE boundaries are not always recogniz- able, and thus the identification of CSE intervals within ICMEs is somewhat subjective (Shodhan et al. 2000) . We used the ICME in October 21-22, 1999 as an example to illustrate the process of identifying a CSE interval. intervals where the ratios of phase space densities near 0 o and 180 o to the phase space densities at 90 o are greater than 3. It is easy to find that strong depletions occurred within the first bar, and the depletion CSE interval was removed when we estimated the percentages of CSE. One can also find that the bars in the rear half part have two short intervals, which are caused by scattering of strahl electrons. So we take the two short intervals as CSE strahls, and the percentage of CSE strahls is about 35%.
Furthermore, this study examined all the suprathermal electron PADs of the 272 ICMEs and estimated the percentages of CSEs. The results are listed in the sixth column of Table 1. Only 10 (9.9%) of the 101 MCs have no CSE, and the ratio is consistent with the results of Shodhan et al. (2000) , who examined the CSE signatures of 52 MCs and concluded that 6 MCs have no CSE. As for the other 91 MCs, the percentages of CSE vary from 6% to 100%, with a mean value of 57%.
Meanwhile, 75 of the 171 non-MC ICMEs (43.9%) do not contain CSEs. The fraction of ICMEs without CSE is thus clearly larger in non-MC ICMEs than in MCs. The extensive difference may imply that the two groups have different magnetic structures. For the other 96 non-MC events, their mean CSE percentage is 45%, which is smaller than 57%. Among the 96 non-MC ICMEs, 21 have a percentage greater than 70%. An examination of the magnetic field component curves of these 21 ICMEs reveal that fields of most events have neither apparent smooth rotations nor disorder, but their magnetic field component curves have only slight rotations, and they are relatively stable or even close to the line. As we all know that most MCs can be described with constant a force-free field configuration, e.g., Lundquist solution (Lepping et al. 1990; Feng et al. 2006 ). According to the Lundquist solution, the shapes of measured field component curves depend on the distance d 0 between the spacecraft trajectory and the rope axis (See Figure 2 , 3, 4 of Feng et al. 2006) .
The spacecraft will measure center-enhanced and bipolar curves if the spacecraft trajectory are close the rope axis, or else, the bipolar curves will disappear. Figure 2 shows the variations of the magnetic field components for the case of d 0 = 0.9R 0 , where R 0 is radius of the flux rope; z is the axial direction, x is the radial direction pointing to the satellite contact position, the direction y is obtained from the cross product of z and x. In Figure 2 , all the three magnetic field components are relatively stable and exhibit only slight rotations. These trends indicate that the spacecraft that passes through the flank of a magnetic flux ropes will measured relatively stable magnetic field variations. So the 21 highest percentage (more than 70%) events may have flux rope structures, but the spacecraft crosses the flanks of the ropes and thus the flux rope signatures didn't appear.
For example, Figure 3 shows that the ICME in February 18-19, 2005 has a CSE percentage of 100%. Based on Figure 3 , one can find that all three magnetic field component curves remained stable with little fluctuation; in particular, the z component curve is around zero. Meanwhile, the magnetic field magnitude remains at a low value. This event does not satisfy the requirements of MCs (flux ropes). Kim et al. (2013) investigated the propagation characteristics of this ICME and used the direction parameter (D) to quantify the asymmetry of CME shapes in coronagraph images and the degree of deviation from the sun-Earth line. The value of D is between 0 and 1, and a small D indicates a large deviation from the sun-Earth line. For this ICME, the D value is only 0.13, indicating that its propagation direction is essentially deviated from the sun-Earth line. Thus, Kim et al. (2013) considered that this CME inherently has a magnetic flux rope structure even though the ACE spacecraft crossed the flank of the rope and did not measure the essential properties of the magnetic flux rope. For this ICME, we have the same viewpoint with Kim et al. (2013) . Figure   2 has demonstrated that spacecraft passes through the flank of magnetic flux ropes will measure relatively stable magnetic field variations. The MC legs, which magnetically connect the flux rope to the Sun, are not recognizable as MCs and thus are unlikely to contain twisted flux rope fields.
Spacecraft encounters with these non-flux rope legs may provide an explanation for the frequent observation of non-MC ICMEs. It is also possible that the spacecraft passes through the legs of the flux rope where the flux rope like rotation is not observed but other flux rope signatures are present (Owens et al., 2016) . So we concluded that most of the 21 ICMEs with large CSE percentages may inherently have flux rope structures, but the structures did not appear as MCs because of geometric selection effects. Finally, we can draw such a conclusion that only a few MCs do not exhibit CSE signatures, but about half of the non-MC ICMEs do not exhibit CSE signatures.
Discussion and summary
In this study, we have examined the CSE signatures of the 272 ICMEs detected by ACE from 1998 to 2008 and compared them between ICMEs with and without MC (flux rope) structure. Our study confirms the earlier results e.g. by Shodan et al. (2000) that the overwhelming majority of MCs are still connected to the solar magnetic field on both ends for at least parts of their magnetic field lines near 1 AU. The clear majority of MCs exhibiting CSE suggests that the non-MC population featuring CSE could also have flux rope structure. We find that the MC category had 101 events, and only 10 (9.9%) events had no CSEs, the non-MC category had 171 events, but 75 (43.9%) event had no CSEs. The fraction of non-MC events without CSE is distinctly larger than that for the MC events. The highest percentage (more than 70%) events in the non-MC category usually have stable magnetic field components accompanied with slight rotations based on our visual evaluation. These observations are in line with the expectations that spacecraft passes through the flank of magnetic flux ropes. The results of this study imply that some non-MC events indeed have magnetic flux rope structures. In most non-MC events, magnetic fields are disordered, and most field lines are not connected to the sun at both ends. Like reported CME by Awasthi et al. (2018) , these non-MC events may inherently have disordered magnetic fields, which results from the interactions among multiple-braided flux ropes with different degrees of coherency on the sun. In summary, this study provides information that is helpful in checking whether all ICMEs have flux rope structures. The observations in this study do not support the idea that all CMEs that arrive on Earth have flux ropes but support that some non-MC events indeed have a magnetic flux rope structures. However, we can not exclude the possibility that all CMEs that arrive to Earth would have had a flux rope structure when they were launched from the Sun. The association of the CSE signatures and the CME structures is an interesting problem and can be investigated in future. a The beginning of the ICME (UT).
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